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Introduction 
In October 2005, a survey to several potential end-users (surveyors, architects, urban 
planners, environmental and energy specialists, among others) of the City of Geneva 
(Switzerland) showed a strong interest for the integration of the third dimension in 
the available GIS data of the City of Geneva, mainly by the integration of new layers 
of information, here referred to as 3-D urban indicators [1]. In order to extract this 
type of indicators, different geo-referenced data of excellent quality, such as 2-D 
cadastral data, aerial images, LiDAR (Light Detection And Ranging) data and a 3-D 
vector model were used. A main focus was given to the construction of innovative 
3-D Urban Environmental Quality (UEQ) indicators, which are highlighted through 
the 3-D visualization displays proposed here. A simple example is the exploration of 
the solar potential of building facades and roofs. In this case, the purpose is to 
evaluate the potential of buildings for the installation of solar panels (photovoltaic 
and thermal). 
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Aim of the research 
The visualization of specific 3-D urban scenes can be done calling upon different 
techniques, from those more traditional, such as photogrammetry, to the most 
advanced ones, such as LiDAR, which uses different techniques and algorithms of 
selection and modelling of 3-D point clouds. The use and utility of this kind of data 
for the study of urban development remain however debatable. Indeed, indicators for 
urban development and durability are highly necessary and the best methodology to 
build and visualize them is largely open. 
The real utility of tridimensional models for the visualization of UEQ indicators can 
be fully exploited only by involving end-users in the process, mainly by evaluating 
which are their requirements. Indeed, it is important to show and represent this type 
of indicators using distinct Levels of Detail (LoD), according to end-user 
requirements and applications, allowing the apprehension of the nature, scale and 
impacts of the observed phenomena. In this context, some questions may arise: do 
the extracted UEQ indicators have to be regularly 3-D visualized? If so, according to 
the CityGML standard [2], which LoD must be retained for each of these indicators? 
Levels of detail (LoD) for 3-D visualization of urban indicators 
Conventionally, the main reason for representing different LoD is efficient 
visualization, mainly due to cognitive and perceptive reasons [3], [4]. Well-
organized analysis is another important cause for using LoD in optimal 3-D 
visualization displays. For example, counting the number of buildings in a city can 
be accomplished most proficiently by considering the buildings on a lower LoD. 
Hence, for the present study, the CityGML standard was chosen. This standard is a 
common information model for the representation of both complex and geo-
referenced 3-D vector data along with the associated semantics, and includes a well-
defined method for the visualization of different LoD (Figure 1) [2]. 
 
Figure 1: Levels of Detail (LoD) according to the CityGML standard. Adapted from [2]. 
The LoD classification method proposed inside the CityGML standard is perfectly 
appropriate for this study because it deals mainly with representation and detailed 
aspects of buildings. Indeed, most of the proposed UEQ indicators here highlighted 
and extracted are intrinsic to this type of urban objects.  
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Analysis of end-users’ requirements 
According to the analysis of end-users’ requirements in the city of Geneva, a list of 
six main domains was defined: (1) architecture, urbanism and land planning, (2) 
urban traffic (motor vehicles, trains and airplanes), (3) environment and energy, (4) 
pedestrian and cyclist mobility, (5) security and emergency situations management, 
and (6) underground information. These six domains were grouped into different 
stakes. According to [5], a stake is defined as a general objective representing an 
expected evolution or a tendency for a given problem. Thus, for each stake, one or 
more geographical indicators considered as sufficiently representative and pertinent 
were mandatorily defined.  
The utility of the proposed visualizations of UEQ indicators for potential end-users 
is important. Thus, it is essential to propose visualization displays that are in 
conformity with end-user’s needs. For this reason, the questionnaires submitted to 
end-users in the city of Geneva also included a preliminary evaluation of different 3-
D visualization possibilities of the proposed UEQ indicators: 
? Which scales (building, neighborhood and city) of 3-D visualization should be 
used?  
? Which LoD should be used for each scale of representation? 
 
Answers to the two questions above are shown in Table 1. Indicators shown in bold 
and italic are those that due to its innovative characteristics related to UEQ were 
researched and extracted under this study [6], [7], [8] and [9]. 
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Table 1: Scales of 3-D visualization and Levels of Detail (LoD) to be used for the 
representation of UEQ indicators. 
Some examples of 3-D visualizations for UEQ indicators related to the stake 
“exploration of the solar potential on the urban fabric” 
Indicators related to the exploration of the solar potential on the urban fabric, on 
buildings in particular, can be subdivided into two main topics: facade analysis and 
roof analysis. 
Two examples of 3-D visualization for indicators related to solar irradiation analysis 
on facades are shown in Figures 2 and 3: 
? 3-D visualization (LoD2): Figure 2 shows the average values per building 
facades; 
? Novel techniques for 3-D visualization mixing 3-D representation (LoD2) with 
graphical and statistical data: the 3-D visualization proposed in Figure 2 can be 
enriched with a graphical profile showing the percentage of vertical surfaces 
subjected to direct irradiation with increasing height [%] (Figure 3). Such 
display highlights both the global vertical irradiation in the analysed 
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neighbourhood and the degree to which the top parts of buildings benefit from 
higher solar admittance. 
 
Figure 2: 3-D visualization (LoD1 and LoD2) of buildings considering a neighbourhood scale: 
quantitative indicator inherent to the average irradiance values (considering both direct and 
diffuse contributions, expressed in W/m2) collected per building facades on the 10th of 
December at 12PM for a neighbourhood (business area) of the city of Geneva. 
 
Figure 3: Hybrid approach of 3-D visualization of buildings for urban indicators: (1) - 3-D 
visualization (LoD2) of a quantitative indicator inherent to the average irradiance values 
(considering both direct and diffuse contributions, expressed in W/m2) collected per building 
facades on the 10th of December at 12PM for a neighbourhood (pilot zone) of the city of 
Geneva; (2) - graphical profile with statistical data showing the percentage of vertical surfaces 
subjected to direct irradiation with increasing height [%] (in this case, for a selected building) 
for the same day, at 10AM, 12PM and 2PM. 
As regards the indicators of roof solar irradiation analysis, potential users would be 
interested in assessing which section of the roofs would be suitable, or not, for solar 
panels collectors (for PV or thermal purpose), depending on the available solar 
admittance and roof area. When roof sections1 are available (for example, in the City 
                                                                
1 Usually, represents the 2-D projection of roof sections (vector format) existing in 3-D city 
models. 
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of Geneva), yearly irradiation values (KWh/m2) can be aggregated on each roof 
section as to highlight a synthetic representation of which surfaces are suitable for 
the installation of solar collectors. Thus, three examples of visualization displays of 
the quantitative indicator inherent to the assessment of the yearly solar irradiation 
higher than 1.000 KWh/m2 for all building roofs of the neighbourhood of 
Moillesulaz, City of Geneva, are shown in Figure 4 (LoD0 projected in a 2-D view), 
Figure 5 (LoD1) and Figure 6 (LoD2).  
 
Figure 4: 2-D visualization of buildings using a LoD0 (projected in a 2-D view) considering a 
neighbourhood scale: quantitative indicator inherent to the yearly solar irradiation (KWh/m2) 
by roof pixels for a neighbourhood (Moillesulaz pilot zone) of the city of Geneva. 
 
Figure 5: 3-D visualization (LoD1) of buildings considering a neighbourhood scale: 
quantitative indicator inherent to the yearly solar irradiation (KWh/m2) by building for a 
neighbourhood (Moillesulaz pilot zone) of the city of Geneva. 
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Figure 6: 3-D visualization (LoD2) of buildings considering a neighbourhood scale: 
quantitative indicator inherent to the yearly solar irradiation (KWh/m2) by roof sections for a 
neighbourhood (Moillesulaz pilot zone) of the city of Geneva. 
Some examples of 3-D visualizations for UEQ indicators related to the stake 
“estimation of the energy demand on the urban fabric” 
Potential users may be interested in indicators related to the estimation of the energy 
demand on the urban fabric. In the example presented in this section, values are 
aggregated on each building in order to highlight a synthetic representation of the 
seasonal thermal energy requirements. Thus, three examples of visualizations: (1) 3-
D using the same LoD, (2) 3-D using different LoD, and (3) 3-D using different 
LoD and the integration of labels, are shown in Figures 7, 8 and 9 respectively, for 
the case-study area of the European Organization for Nuclear Research (CERN), 
also located in the City of Geneva. 
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Figure 7: 3-D visualization (LoD1) of buildings considering a city scale: quantitative indicator 
inherent to the seasonal thermal energy requirements (MJ) by building, for the case-study area 
of CERN. 
 
 
Figure 8: 3-D visualization of buildings considering a neighbourhood scale, using different 
LoD (LoD1 and LoD2): quantitative indicator inherent to the seasonal thermal energy 
requirements (MJ) by building, for the case-study area of CERN. 
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Figure 9: 3-D visualization of buildings considering a neighbourhood scale, using different 
LoD (LoD1 and LoD2) and building’s labelling: quantitative indicator inherent to the seasonal 
thermal energy requirements (MJ) by building, for the case-study area of CERN. 
It is worth mentioning that for some 3-D visualizations of UEQ indicators, the 
creation of displays using different LoD1 and LoD2 is an added value when the 
attention of the user must be guided to a neighbourhood or a set of buildings under 
analysis (Figures 8 and 9, and also Figure 2 concerning the solar irradiation analysis 
on building facades). Hence, the buildings considered for analysis are shown using a 
LoD2, whereas all other buildings, which were not considered for analysis, are 
represented using a lower level of detail (LoD1). 
Conclusions and perspectives 
The objectives of 3-D urban models users when visualizing spatial indicators must 
be carefully identified. In fact, very detailed urban models do not necessarily offer 
an appropriate solution for visualization of the majority of 3-D UEQ indicators 
shown here.  
The goal of this survey was to make a preliminary utility analysis of the 
visualizations (using the CityGML standard) proposed to end-users, related to the 
UEQ indicators presented here. Many other aspects, such as analysing the impact 
related to the use of different degrees of transparency for selected displayed data or 
the integration of other urban objects (for instance, trees) on the 3-D interfaces 
created should also be taken into consideration for further utility and usability 
studies.  
Finally, for different participatory situations, other methods using simpler 
representations of this type of indicators into 3-D visualisations should be 
considered for wider collaborative end-users and stakeholder groups, such as 
interested citizens of different ages. In this case, the use of qualitative indicators, 
instead of quantitative indicators, seems to be suitable because the communication 
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process is simpler. Moreover, using heterogeneous groups of users with different 
experiences and ages allows the application of a more reliable usability analysis of 
interactive 3-D visualization displays. 
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